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Natural populations of Cenchrus cllians L. were found to be polyploids (4 :-< , 5x and 6x). Quadnvalents are occasionally 
formed during meiosis. Uneven segregation of chromosomes can be an important factor in the formatton of aneuploid 
specimens in C. clliaris. Gametes containing an abnonnal chromosome complement can lead to the formation of 
progeny with new aneuploid chromosome numbers. It IS suggested that thiS meiotic abnormality m C. c}liaris would 
account for aneuploid chromosome numbers such as 2n ::: 30, 32, 34, 38, 40 and 42, as previously observed , It is 
further postulated that this species has its own limitations in the functionality of the vanous aneuploid gametes formed 
by uneven segregation of chromosomes. When the ratios, observed during thiS study, are compared with all the 
chromosome numbers observed in the past for C ciflaris, it is postulated that this species' fUnctional range is limited to 
16 and 20 chromosomes for the tetraploids, whereas fo r the penta plaids, it is 20 and 25. 
Keywords: anaphase, aneuplOidy, chromosome laggards, chromosome segregation, meiosis 
*Ta whom correspondence should be addressed. 
Introduction 
Through the years aneup loid chromosome numbers have fre-
CJuently been reported for Crmclll'lfs cilia";!; L. Many explana-
tions have heen forwarded to accoun t for these. including 
incomp lete cytogenc ti c studies and putative incorrect resu lts. 
There is a Inck of herbarium vouchers for the specimens studied 
in thc past (early twent ieth century). Non-representative C cili-
aris speci mens could, consequentl y. have been included in thosc 
studies (Dc Lis le 1963). 
The cause of an euploidy in C cilia!"is has 110t been invest i-
gated. The ai m of this study is, therefore. to study irregu lar seg-
regation of A-chromosomes during anaphase I in the formalion 
of aneuploid gam etes and to determine whether aneuploid male 
gamctcs re main functiona l in ( '. dliari.\·. 
Materials and Methods 
The :-;Pl:CiIl1CllS used ar~ listed in Tahle I. Slide:-; prepared for meiotic 
studies (according 10 Visse r & Spies 1994) were uscu. /\ minimum 
nr 20 cells oj" each of metaphase I. anaphase I. and k lophases I ami! 
(II" II \\ere stud ied. Thc foJllming wen~ recorded: chromosome COIl-
Jigurntiolls uuring IIlclaphase I. laggards du ring anaphase I and 
lllicrollllCit:i during telophases I and/or II. Po lh::n fi.:rtilit)' was tested 
b~ staining (Shaver 11)62) and germination (Thom:-;oll eI at. J l)I)~) 
tCl:h ll lq UCS. 
Results 
Uneven segregation of thc normal chromosome complement dur-
ing anaphase I occurred in 35 of the 66 C ciliaris specimens 
studied. This abnormality was frequently observed at alJ the 
ploidy levels. but could only be accurately recorded in the tetrap-
loid speci mens. This was due to the presence of chromosome 
laggards in the higher polyploids. The segregation ratios during 
anaphase l. for the tetraplo id specimens (11 :::: 2x = 18), included 
distributions of 17: 19, 16:20 and the most extreme 15:1 1 (F igure 
1 A- 8 and Table 2) . Two segregation ratios were observed for the 
pentaploid specimen, ,')'pies 5-197 (n = 5/2x = 45/2) , namely 20:25 
and 22:23 (Table 2) . 
The segregation patte rns in the other pe lltaploid and hexaploid 
specimens varied and are obscured by anaphase I laggards and 
chromatic disjunction. The uneven segregation of chromosomes 
in these abnormal spec imens re ndered them use less in this study. 
The thrce polyplo id leve ls (tetraploidy. pentaploidy and 
hexaplo idy) formed usually bivalents during meios is, w'ith occa-
sional quad rivaJcnts which varied fro m lllosl1y naught to three 
per cell (Figure I e - OJ. The contiguration and orientation of the 
quad riva lents on the metaphase I plate differed for the various 
speci mens (rigure I C' -D). 'i!T 
Pollcn fertility of four specimens exhibiting uneven chromo-
some segregation during anaphase I was tested (Spies 5230. 
552/. 553! & 5-19 - ). Three of the speci mcns were tetraploid 
(,",'pies 523(), 552/ & 553}). whereas only Sf)ies 5-19 7 was a pen-
tap loid. Po llcn fertili ty percentages for the stai ni ng and genni na-
tion tcchniques wcre averaged for each of the specimens st~died. 
For the tetraplo id specimens (Sf)ies 523{), 5521 & 553}) pollen 
ferti li ty was respecti vely 96.5%. 100% and 99%. Spie,\' 5-1!J~ had 
a lower percentage ofpollcn fertil ity, namely 85.2%. 
Discussion 
Uneven segregation of chromosomes dur ing anaphase 1 was a 
prominent meiotic irregularity in C. ciliaris and was closely 
associated with the polyploid level of the part icular specimens. 
Two fac to rs played an important rolc in unevcn chromosome 
segregati on in the tet raploid specimens, namely the orientation 
and the configuration of the quadrivn lents on the metaphase I 
plate. 
The con fi guration of lll ult iva Jcnts in meiosis depends upo n the 
number of chromosomes part icipat ing in pairing, the number and 
location of chiasmata and the degree of chiasma terminalizat ion. 
In the case of quad ri valcn ts, two possib le ori entations, depend ing 
on the placement of the ccntromeres or the attachment of cen-
trOlllercs to the spind le. are possible. If the chiasmata arc located 
0 11 the equator ia l plate (or all centromercs attach to the spindle), 
even segregation of chromosomes during anaphase I is expected 
(type A). In the case of a tetraploid specimen of C, ciliaris, this 
w il l lead to an 18:18 segrcgation during anaphase I. If the cen-
tromeres of the chromosomes invo lved in the configuration are 
situated on the equatorial plate (type B) (or if only two een-
tromcres attach to the spindle ), chromosome segregation wi ll be 
random, and can, therefo re, be uneven. Such a configurat ion can 
lead to ei ther a 1 :3 , a 2:2 or a 3: I chromosome segregation. This, 
in turn. can resu lt in a 17: 19. a 18: 18 or a 19: I 7 di stribution dur-
ing anaphase I in the case ofa tetraploid specimen (Figure 1/\). 
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Table 1 List of Cenchrus ciliaris specimens studied, voucher specimen numbers and localities according to the 
degree reference system (modification of Edwards & Leistner 1971) 
17 
18 
18+0-2B 
Locality 
2627 (Potchctstroom): In Potchctstrnorn , on route to Orkney (--CA) 
2528 (Pretoria) : Near Pretoria (- CO 
2627 (Potche fstroom): In Potchetstroom, un route to Orkney (- CA) 
2628 (Johannesburg) : Grassmcrc Garage. Johannesburg (- All) 
2724 (Taung); 101 km from KUrLunan to Vryburg (- Ail) 
2725 (Rloemhot): In Amal ia on rotlle to Schweizcr-Rcm:ke (- AA) 
2725 (Blocmhot) : 2 km from Bri tten to Christiana (--Cll) 
2726 (Odcndnal srus): R krn from Wcsselsbron to Bultfontcin (-CD) 
46 km from Bothavill c \0 Wcsselsbron (- DA) 
2727 (Kroonstad) : 6 1 km from Kroonslad 10 Parys (- AC) 
7 km from Kroonsrad to Kroonvaal (-CA) 
2732 (Ubombo) : Mhlosinga, on rOllle 10 Sordwana (--CC) 
2822 (Glen Lyon) : 7 km from Smidlsdrifto Postmashurg (- OA) 
2826 (Brandfort) : 57 km from Wcsselsbron to Bultfontein (- AA) 
30 km from Wcsselsbron to Buhtontein (- BB) 
25 km from Bloemfontein to I3randfort (-CD) 
27 km from Bloemfontein to I3randfort (-CD) 
38 km from Blocm fo ntein 10 Brand lorl (--C D) 
32 km from Bloemfontein to Abrahmnskraal (-C D) 
2925 (Jagersfonlcin): 44 km from Petrus burg 10 Kimberley (- AB) 
2926 (B loemfontei n): Near Bloemfontein (- AA) 
16 km from Bloemtontein to Winburg (- AA) 
3125 (Steynsburg): 30 kIn from Stcynsburg to Ho rmcyer (- BC) 
near Ho rmeyer (- DC) 
12 km from Harmeyer to Cradoek (- DC) 
3222 (Beaufort West). 5 km from lJeaufort Wesl{- OC) 
3224 (Graaff-Reinet) : 58 km from Jansenvi1h: to GraatT-Reinct (- BC) 
13 1 km from Uilenhage to Graaff-Rein et (- DC) 
145 kIn from Uitenhage to Graaff-Reinet (- DC) 
122 km from Palens ie 10 Willowmore (- DO) 
3225 (Somerset East) : 57 km from e radock to Cookhouse (- DB) 
Kokskraal , Cookhouse (- DB) 
3320 (Ladismith): 4 km from Calitzdorp 10 Oudlshoom via Ku il sriver (- DC) 
3324 (Steytlerville) : 102 km from Uitenhage to Graaff-Reinet (- BD) 
3325 (Port Elizabeth): 40 km from Uitenhage to Graaff·Rcinet (--CD) 
2624 (Vryburg) : Near Vryburg, on route to Kuruman (-DC) 
2627 (Potchcfstroom): 10 km from Parys to Potehefstroom (-CD) 
2925 (Jagersfonte in): 60 km from Petrusburg to Kimberley (-AA) 
2926 (Bloemfontein) : 25 kIn from Bloemfontein to Winburg (- M) 
3125 (Steyusburg) : 10 km from Steynsburg to Hormeyer (- BC) 
24 kill from Steynsburg to Hofmeyer (- BC) 
3222 (Beaufort West) : 5 km from Beaufort West (- BC) 
3225 (Somerset East) : Kokskraal , Cookhouse (- DO) 
Vuw.::her 
:-:;ples 5883 
SjJie:s 5Mj 
Spit'S 5653, 565-1 
5)Jies 552i 
Spies 5538 
Spies 55n. 55-13 
,)jJles 5659 
Spies 565 i 
S)nes 565(J 
Spies 5649 
Venier 9286 
Spies 552! 
Spies 5662 
Spies 5660 
Spies 5576,5577 
Spies 557.f, 5575 
Spies 5849. 5850 
Spies 5638 
Spies 5508 
Spies 5643, 566./ 
Spies 5847 
Spies 5669 
Spies 5587 
Spies 5670 
5pie.~ 5./87. 5-189 
Spies 5236 
Spies 5237 
Spies 52/5 
Spies 559! 
Spies 559-1, 5676 
Spies 5226 
Spies 5232 
Spies 5230 
Spies 553/ 
Spies 5652 
Spies 55/2 
Spies 5848 
Spies 558./, 5585 
Spies 5586 
Spies 5488 
Spies 5675 
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Table 1 Continued 
3225 (Somerset East): Kokskraal , Cookhouse (- DB) Spies 5675 
SpIes 5231 3324 (Steytlervil1e): 68 km from Uite nhage to GraafT~Reinc[ (- DA) 
3325 (Port Eli:t:abeth) : }O km from Uilcnhagc tn Graaff-Reinet (- CD) Spies 5JJ9 
45/2 2522 (Sanie)" 1111h" riverbed at Waterscnd (- DB) Spies 5./97 
2925 (Jagcrsfontcin) . Spitskop larm yard. Fnuresmilh (- DA) Du Pree; J758 
3024 (Colcsberg): 27 km rrom Vcrwoerd Dam to Vcnterstad (- DA) 
3224 (Graaf-Reinet); 39 km from lansenvi1le to Graan:'Reinct (-DA) 
Spies 5581, 5583 
Spies 5ny 
15 km from Jansenville 10 Graaff-Reinct (- DC) Spies 5238 
76 km from Patcnsie to Willowmort: (- OD) 
27 2824 (Kimberley) : 1 km from Kimberley to Grickwastad (-DA) Sples55J3. 55J.J. 5515 
.\iJ/e.~ 5510 2925 (Jagers lontcin)" 44 km from Pdrusburg to Kimberley (- AU) 
2824 (Kimberley) : 1 kill from Kimbcrky to Grickwastad (- DA) !'JiJl(!s 5517 
Assume the four chromosomes participating in a single quadriva-
lent configuration are called chromosomes 1,2,3 and 4. Three 
possible segregation movements for the A-type orientation are 
possible to achieve a 18: 18 chromosome distribution during ana-
phase I. namely chromosomes 1 and 2 in the one pole versus 3 
and 4 in the other, or chromosomes I and 3 versus 2 and 4, or I 
and 4 versus 2 and 3. Four possibi lities exist for the B-type orien-
tation, to achieve a 17: 19 distribution, namely chromosome 1 
ve rsus chromosome, 2, 3 and 4, or 2 versus 1, 3 and 4, or 3 ver-
sus I, 2 and 4, or chromosome 4 in the one pole versus chromo-
somes I, 2 and 3 in the other pole. Chromosome distribution 
during anaphase J in a cell contain ing a single quadrivalent of 
type-B orientation, therefore, results in a total of seven possibili-
ties. The probabilities for a 18: 18 and 17: 19 segregation are, 
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Figure I Meiotic chromosomes observed in C. ciliaris. A. Une-
ven chromosome segregation during anaphasc= 1 in Spies 566-1. 
resulting in a 17: 19 chromosome distribution. B. Uneven chromo-
some segregation during anaphase I in Spies 566-1. resulting in a 
potent ial 15:21 , 16: 18 or 17: 19 chromosome distribution. C. Quad-
rivaknts present during metaphase I in Spies 553 1 (2n = 4x = 36). 
D. Quadrivalcnts pri!sent duri ng metaphase I in Spies 552 -' (2n = 4x 
= 36). Scale = 10 1-.l1n. 
therefore, 3:7 ~ 0.43 and 4:7 ~ 0.57, respectively. The probabili · 
ties fo r each of the quadriva lent types are indicated in Table 3. 
The presence of two or more quadriva lents per cell compli-
cates the segregation and resulted, in C ciliaris, in an extreme 
15:21 segregation dur ing anaphase I (Table 2). For two quadriva-
lents, the separate probabilities wi ll be multipl ied. T he probabi li-
ties for a 18: 18, 17: 19 or 16:20 chromosome segregation during 
anaphase 1, involving the two different quadrivalent types, are 
indicated in Table 4. 
To determine whether the probabi lity fo r even segregation 
(with A-type quadrivalents) is equal to that for uneven segrega-
tion (mostly B-type quadrivalents) in this species, the expected 
frequencies should have been compared to the actual frequencies 
observed for the tetraplo id specimens. This was unfeasible since 
the tetrap loid specimens could 110t be classified into groups with 
no quadrivalents, one-, two-, or a group with three quadrivalents. 
Th is was due to a lack of well-defined diakinesis and metaphase 
I cells. All the anaphase I cells of the tetraplo id specimens. not 
showing chromatic segregation, were counted and the results 
bulked. The results indicated 240 cells (57. 1%) with an 18:18 
distribution, 140 cells (33.3%) with a 17: 19 distribution, 34 cells 
(8.1%) with a 16:20 distribution and only 6 cells (1.4%) with a 
15:21 chromosome distribution. The high percentage for cells 
with a 18:18 chromosome distribution could be due to the fact 
that most of the specimens did not contain quadrivalents, only 
bivalents. If only bivalents occur. a normal 18: 18 distribution 
would be expected. Another possibi lity is that an 18: I S distribu-
tion can also result fro111 two or more B-type quadrivalents segre-
gating unevenly (Table 4). Both these factors could have 
contributed to the high percentage of cells with an 18: 18 distribu-
tion. 
It is suggested that , although too little cytogenetic evidence 
exists for the present study of C. ciliaris, the question whether 
the probability for even segregation (A-type) is equal to that for 
uneven segregation (B-type) in this spec ies, should be studied in 
the future. This will give an indication to the extent in which 
uneven segregation will contribute to the production of aneu-
ploids in C. ciliaris. for various aneuploid chromosome numbers 
have regularly been reported in the past for this species. The pos~ 
sibility of the occurrence of sllch a phenomenon is emphasized 
by previous recordings of an average of 1211 + 31V in cells studied 
of tetraploid specimens (Fisher ef 01. 1954 ; Hignight er al. 1991). 
The presence of sllch a high number of quadrivalents in each 
cell, may lead to <l:n incr,ease in lin even chromosome segregation 
du·ring anaphase · I, . therefore , more male gametes having 
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Table 2 Meiolic chromosome behaviour of: Cenc/Jrus ciliaris specimens. Voucher 
specimen number, the gametic chromosome number, the percentage of cells studied 
containing chromosome laggards (range of laggards included in brackets) , the per-
centage of cells studied exhibiting unequal distribulion of chromosomes during 
anaphase I (most extreme distribution of unequal segregating chromosomes indicated 
in brackets) and the percentage of cells studied containing micronuclei during Telo-
phase I (range of micronuclei included in brackets) 
Voucher no. n= % Anaphase I cells % cells with uneven % Telophase I cells 
with laggards chromosome segregation with micronuclei 
Spies 5883 [7 60 (IH) 78 (0-2) 
Spies 5215 [8 60 (0-6) 40 (19:[7) 83.3 (0- 8) 
Spies 5229 18 77.7 (0-6) 57. [ (0-8) 
Spies 5230 [8 46.6(0- [2) 10(20:16) 70 (0-5) 
~/)leS 5231 [8 63.6 (0-9) 50 (0-4) 
Spies 5232 18 45.5 (0-6) 0 
Spies 5236 [8 80 (0-6) 9(19:[ 7) 42.8 (0- 5) 
Spies 523 7 [8 62.5 (0-8) 6.3 (19: [7) 55.5 (0-6) 
Spies 5240 [8 63.6 (0- 16) 0 50 (0-5) 
Spies 5487 18 40 (0- 5) 0 20 (0- 1) 
Spies 5488 [8 33.3 (0-2) 16.7 (20:16) 50 (0-2) 
Spies 5508 18 55.5 (0- 5) 60 (19:17) 70 (0-5) 
Si}ies 5512 [8 42.8 (0-9) 7.1 (19:17) 87.5 (0- 5) 
Spies 552! 18 46.2 (0-5) 38.5 ( [9: [7) 80 (0-9) 
::'pies 5525 [8 20 (O- [) 
Spies 5527 18 0 55.5 (0- 2) 
Spies 5529 18 100 (1 - 8) 0 
Sp.es 5531 [8 54.5 (0-5) 40(19:17) 18. [ (0-4 ) 
Spies 5538 [8 [ 1. 1 (0-2) 62.5 (20: [6) 20 (O-[) 
Spies 5542 [8 80 (0-5) 10(19:17) [OU ( [- 7) 
Spies 5574 [8 [4.3 (O- [) 33.3 (20:16) 45.5 (0- 3) 
Spies 5575 18 33 .3 (0- [0) [0 ([ 9: [7) 50 (0- 3) 
Spies 5576 [8 33.3 (0-3) 50 (19: [7) 36.4 (0-4) 
Spies 5577 [ 8 50 (0- 3) 0 66.7 (0-4) 
Spies 5584 [8 43 (0-6) 57.[ (19:1 7) 14.3 (0- [) 
Spies 5585 [8 0 43 (0-3) 
Spies 5586 18 60 (0-2 ) 43 (20: [6) 54.5 (0-3) 
Spies 5587 18 0 60 (19:17) 20 (O- [) 
Spies 559/ 18 45.5 (0-5) 0 62.5 (0-3) 
Spies 5594 18 40 (0-5) 20(19:1 7) [00 ( [- 5) 
Spies 5638 18 75 (0- 5) 37.5 (0-6) 
Spies 5643 18 44.4 (0-6) 50(20:16) 54.5 (0- 3) 
Spies 5645 18 50 (0-3) 54.5 (0- 3) 
Spies 5646 18 0 12.5 (19:17) 50(0-1) 
Spies 5649 18 20 (0-3) 50(19: 17) 50 (0-1) 
Spies 5650 18 20 (0- 10) 43 (19:17) 20 (0-2) 
Spies 5652 18 36.4 (0-5) -(20: 16) [00 (2-6) 
Spies 5653 18 0 50(19:17) 45 .5 (0- 2) 
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Table 2 Continued 
Spies 5653 18 0 50( 19: 17) 45 .5 (0- 2) 
Spies 5654 18 0 73 «(}"'4) 
Spies 5655 18 20(0-1) 20 (20:16) 54 «(}"'4) 
Spies 5657 IS 0 25 (19:17) 33.3 (0-1 ) 
!c,ples 5659 18 10 «(}...I) 0 10 «(}...I ) 
Spies 5660 18 0 50 (20:16) 33.3 (0,-2 ) 
5Jpies 5662 18 25 (O-!i) 60 (19:17) 54.5 (0- 3) 
Spies 5664 IS 50 (O-!i) 34(2 1: 15) 30 «(}"'2) 
Spies 5669 18 25 «(}...I) 25 (19: 17) IS.2 «(}"'2) 
Spies 5670 18 25 (0- 5) 50 (19: 17) 27.3 (0-3 ) 
Spies 5675 18 10 (0-4) Il.l (19: 17) Rl.8 «(}"'5) 
Spies 5676 18 60 (0- 5) 70 (O-!i) 
Spies 5847 IS 0 20 «(}"'2) 
Spies 5848 18 16.7 «(}...I) 83.3 (19: 17) 42.8 «(}"'2) 
Spies 5849 18 0 37.5 (0-3 ) 
Spies 5850 IS 11.\ «(}"'2) 50(20: 16) 30 (0-4 ) 
Venter 9286 IS 50 «(}"' IO) 63.6 (0-4) 
Du Preez 2758 45/2 100 (7- 12) 100 (2- 5) 
Spies 5210 4512 100 (7- 14) 90(0- 11 ) 
Spies 5238 45/2 100 ( 1- 18) 90 «(}"'7) 
Spies 5239 45/2 100 ( 1-20) 100 (1 - 5) 
Spies 5497 45/2 44 .4 (O-!i) 100 (25:20) 
Spies 5581 4512 100 ( 1-32) 100 (2- 9) 
Spies 5583 4512 100( 1- 20) 100( 1- 10) 
Spies S510 27 66.7 «(}"'S) SO (0- 8) 
Spies 5513 27 62.5 (0-4) 8S.9 (O- S) 
Spies 5514 27 100 ( 1- 9) 90 «(}"'8) 
Spies 55/5 27 SO «(}"'5) 88.9 (O-!i) 
Spies 55/7 27 60 (0- 20) 90. 1 (O-!i) 
( - ) = ce lls in the part icular meiotic stage have not been observed and/or unequnl distribution of the chro-
mosomes duri ng anaphase I cou ld not be confirmed 
abnormal chromosome numbers. 
Cells contain ing an abnormal chromosome complement of 17 
chromosomes, may lead to a 2n ;:: 34 individual. Cells containing 
an abnormal chromosome complement of 19 chromosomes, can 
justify the presence of specimens with a somatic chromosome 
number of2n ;:: 38. Similarly, gametes containing only 15, 16,20 
or 21 chromosomes will, when combined with another abnormal 
gamete. give ri se to, for example, specimens with somatic ch ro-
mosome numbers of 2n ;:: 30, 32, 40 and 42 respective ly. This 
hypothesis is substantiated by the fact that most of these chromo-
some numbers for this species, have been previously reported by 
various authors. 
Thi s proposal complements the work done on Hordeum vul-
gare L. (Rom mel 196 1) and Coix laclyma-jobi L. (Rao 1976). 
Uneven segregat ion of the normal chromosome complement dur-
ing anaphase 1, has been observed for each of these species. In 
Hordeum vlIlgare (2n = 4x == 28), aneuploidy and partial sterility 
were consistently found for three generations in the progenies of 
eutetrap loid plants, suggesting outotetraploidy (Rommel 1961). 
Cytological examinations revea led the presence of aneuploid 
plants in the progenies of 2n = 4x = 28 plants . The aneuploid 
chromosome num bers va ried from 2n ;:: 26 to 2n == 3 I . Rommel 
( 1961 ) determined that factors causing aneuploidy came into 
action when the chromosome number in the initial ti ssue had 
been doubled and the first polyploid gametes were formed. Fur-
thermore, he observed va rious meiotic irregulari ties in the pollen 
mother cells ill the natural polyploid. Uneven segregation of 
chromosomes during anaphase I occasionally led to a 12: 16 and 
13:15 distribution, instead of the regular 14:14 distribution. His 
results correspond with the work done by Reinbergs (1957) and 
Morrison & Rajhaty (1960) on the same species. The only excep-
tions were that segregations with less than 12 and 17 or more 
chromosomes were not observed (Reinbergs 1957). The pres-
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Table 3 Theoretical chromosome segregation with 
different Iypes of chromsome pairing and the proba-
bility for each segregation type with a singte quadriva-
lent present, assuming that peA) = P(8) = 0.5 
Pairing tpyc 
A 
Il 
Segregation 
18:18 
18:18 
Probability 
0.5 
0.5 x 0.43 = 0.215 (~P(BI» 
17: 19 0.5 x 0.57 = 0.285 (= P(B2» 
ence of such a range of aneuploid chromosome numbers indicate 
that gametes with n = 13, 15 and 16 chromosomes must be able 
to fertilize. These gametes formed zygotes in certain combina-
tions and developed into germinating seeds. He speculated as to 
whether gametes with 12 or less and 17 or more chromosomes, 
as reported by Reinbergs ( 1957), would cause completely sterile 
florets or very early aborting seeds. These gametes had taken 
part in the formation of germ inating seeds, as no 28-chromosome 
plant progenies were observed. Pollen studies indicated that male 
gametes with other than n = J 4 chromosomes, are functional 
(Rommel 196 1). He further speculated that the same meiotic 
irregularities occur in the embryo sac mother cells as in the pol-
len mother ce ll s. Therefore, the distribution of chromosomes 
during anaphase J in embryo sac mother cells would be simi lar to 
those in pollen mother cells. This would result in egg cells with 
irregular chromosome numbers. Rommel (1961) concluded that 
anaphase di stribution in embryo sac mother cells follows the 
same distribution pattern as in pollen rnother cells. The end resu lt 
is that both male and female gameles with n = 13, t 4, I S, and 16 
chromosomes are functional. 
Rommel (1961) indicated a specific relationship between 
gamete formation, euploidy and aneuploidy in Hordeum vulgare. 
Euploid gametes are considered to have the best chance to 
develop into germinating seeds. Aneuplo id gametes, depending 
on their chromosome number, will else not fertilize, or the 
zygotes ~ill collapse in very early stages, or the embryos already 
formed, will abort. The extreme cases of aneuploidy, n = 12 and 
less and 17 or more, will, due to insufficient or superfluous chro-
mosomes present in the gametes, lead to permanent sterility. 
The same scenario was observed for Coix lacryrna-jobi (2n = 
4x = 40). Three different segregation ratios were observed dur-
ing anaphase I (Rao 1976). These ratios included an 18:22 and a 
19:21 segregation of chromosomes during anaphase I, in addi-
tion to the more regular 20:20 segregation. Rao calculated all the 
possibi lities, assuming the occurrence of similar distributions 
with the same relative frequencies in female gametogenesis; thal 
all gametes, euploid and aneuploid, are functional, and that ran-
dom mating of gametes takes place. Only three aneuploid chro-
mosome numbers were observed, namely 2n = 39, 40 and 41 , 
indicating that gametes having 18 or 22 chromosomes were nOl 
functional. Rao ( 1976) concluded that the limits of aneuploidy in 
this autotet raploid species were most probably set by embryo 
abortion. 
The fertility of aneuploids is significantly lower than that of 
euploids, thus indicating that an imbalance in the chromosome 
number of the sporophyte itself, is probably responsible for the 
lower fertility. Even though the aneuploid gametes were func-
tiona l, seed sel and pollen fertility in all these studies were quite 
low. This indicates that all the steri lity in aneuploids and 
euploids might not be chromosomal, but that much of it is 
genetic. This is clearly shown in many autopolyploids such as 
Hordellm vulgare, Zen mays L. and Coix lacryma-jobi (Ran-
dolph 1935; MUntzing 1936 & 1951 ; Rommel 1961 ; Shaver 
1962). 
These previously reported results, indicate that each species 
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has its own limitations in the functionality of the various aneu-
plo id gametes formed by uneven segregation of chromosomes. A 
specific species could have a wide range of uneven segregat ion 
ratios of chromosomes during anaphase I, of which only a certain 
number will be functional. Therefore, although Cenchrus ciliaris 
has a wide range of uneven segregation ratios, from 15:21 to 
17:1 9 (for the tetraploids) and 20:25 and 22:23 (for the penta-
ploids) , not all of the gametes formed, would be functional. 
The results of the pollen tests were used in an attempt to deter-
mine the specific range of uneven segregat ion ratios that will 
produce functional gametes. Hardly any decrease in pollen fertil-
ity was observed for two of the tetraploid specimens (Spies 5521 
& 5531) with a distribution ratio of 17:19. Patten fertility for 
Spies 5230, with a most extreme segregation ratio of 16:20, was 
stitt very high (96.5%). A drop in fertility from 100% to 85.2% 
was observed for the pentaploid specimen, Spies 5497, This drop 
could have been due to either the uneven polyploid level , or an 
extremely uneven segregation ratio of 20:25. 
A compar ison between the ratios observed, and the chromo-
some numbers recorded in the past suggests that C. ciliaris' 
functi onal range is limited to 16 and 20 chromosomes in each 
gamete. For the tetraploids (2n = 4x = 36), combinations of these 
numbers could lead to 2n = 32, 34, 36, 38 and 40 specimens. 
Gametes with 20 to 25 chromosomes cou ld result in 2n = 40, 42, 
44, 46, 48 and 50 plants, for the pentaploids (2n ~ 5x = 45). 
Although certain chromosome numbers are absent from the list 
of numbers previously recorded, this may be due to incorrect 
chromosome counts (for example 2n = 43 instead of 2n = 44). 
This could be due to the small size of this spec ies' chromosomes. 
Conclusions 
The abundance of ce ll s undergoing uneven segregation during 
anaphase I in C ciliaris were closely assoc iated with polyploidy. 
Quadrivalent orientation on the metaphase plate led to the forma-
tion of either euploid or aneuploid gametes. Quadrivalents with 
chiasmata oriented on to the equatorial plate, mostly led to nor-
mal gametes. In contrast, where the centromeres of these config-
urations were situated on the metaphase plate, these led to the 
formation of aneuploid gametes. 
Uneven segregation of chromosomes can be an important fac-
tor in the formation of aneuploid specimens in C. ciliaris. It is 
suggested that the presence of this meiotic abnormality in C cili-
aris may account for the previously observed aneuploid chromo-
some numbers such as 2n = 30, 32, 34, 38, 40 and 42. 
ft is further postulated that this species has its own limitations 
in the functionality of the various aneuploid gametes formed by 
uneven segregation of chromosomes. When the ratios observed 
Table 4 Theoretical chromosome segregation with 
different types of chromosome pairing and the proba-
bility for each segregation type with two 
quadrivalents present, assuming that P(A) = P(8) = 
0.5 
Paring lype 
combination Segregation Probability 
A and A 18:18 PIA) x PIA) = 0.25 
A and B 18:18 2(I'(A) x P(BI)) =0.216 
17:19 2tP(A) x P(B2)} = 0.286 
B and B 18:18 P(BI) x P(BI) = 0.046 
17: 19 2{P(B I) x P(B2)} = 0.123 
16:20 P(1l2) x I'(B2) = 0.081 
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during this study, are compared with all the chromosome num-
bers observed in the past for C. ciliaris, it is proposed that th is 
species ' functional range is limited to 16 and 20 chromosomes 
for the tetrapioids , whereas for the pentaploids, it is 20 and 25. 
Acknowledgements 
The University of the Orange Free State and the Foundation for 
Research and Development are thanked for financial assistance 
during this study. 
References 
DE LISLE, D.G. 1963. Taxonomy and distribut ion of the gen us 
Cenchrus. lowa Stale 1. Sci. 37: 259-351. 
FTSHER, W.D., BASHAW, E.C. & HOLT, E.C. 1954. Evidence for 
apomixis in PenniselulII ciliare and Cenchrus se/igerus. Agron. J. 46: 
40--404. 
HIGNIGHT, K.W., BA SHAW, E.C. & HUSSEY, M.A. 1991. Cytologi-
cal and morphological diversity of native apomictic butTe/grass. Pel1-
niseillm citiare (L) Link. Bot. Gaz. 152: 214- 218. 
MORRISON, l.W. & RAJHATHY, T. 1960. Chromosome behaviour in 
autotetraploid cereals and grasses. Chromosoma (Berlin) I I: 297-
309. 
MUNTZING, A. 1936. The evo lutionary significance ofautopol yp!oidy. 
S Atr. J. !3ot. 199~, 64(2) 
Heredllas 21: 263- 378. 
MVNTZING, A. 1951. Cytogenetic properties and practical val ue of 
tetraploid rye. Hereditas 37: 17- 84. 
RANDOLPH. L.F. 1935. Cytogenetics of tetraploid maize. J. Agric. 
Res. 50: 59 1-605. 
RAO, P.N. 1976. Srudies on the occurrence. cyto logy. fertil ity and 
breeding behaviour of aneuploids in induced autote traplOld Job 's 
tears. CYlOlogia 41 : 145- 152. 
REINBERGS, E. 1957. Factors affecting le rti lilY in sliccessive genera-
tions of barley autotctraploid~. Ph.D. Thesi~ . University of Manitoba. 
Winnipeg. 
ROMMEL, M. 1961. Aneuploidy_ seed set and sterili ty in artificially 
ind uced autotetraploid Hordeum vu/gare L Canad. J. Genet C)'lol. 3: 
272-282. 
SHA VER, D.L. 1962. A study of aneuploidy in autotetraploid maize. 
Caf/ad. 1. GenCl. C:vtol. 4: 226-233. 
THOMSON, J.D" RIGNEY. L.P .. KAROLY. K.M . & THOMSON. 
B.A. 1994. Pollen viabi lity. vigor and competitive ability in Erythro-
niwn grandij/orllm (Lil iaceac). Amer. 1. 801.8: 1257- 1266. 
VISSER, N. C & SPIES, J.J. 1994. Cytogenetic studies in the genlls Tri-
bolium (Poaceae: Danthonicae). Ill. Section TriboJIIIIII . S. Afr. 1. Bot. 
60: 31- 39. 
